A hallmark of clinical bluetongue virus (BTV) infections in sheep is multisystemic inflammation, which is often most readily noticeable in the oral mucocutaneous tissue of whitefaced breeds of sheep.6J0 Arborvirus infections of the endothelial cells in inflamed cutaneous sites and in visceral organs is do~umented.~ It is thought that infection of endothelial cells, which results in lysis or in direct damage to the microvasculature, is a major pathophysiologic mechanism that accounts for increased vascular permeability and the classic clinical signs of bl~etongue.~ Although perivascular infiltrates of mononuclear cells are described in BTV infect i o n~,~ the phenotype of the infiltrating lymphoid cells has neither been examined, nor has their role in the development of lesions and protection been addressed.
Recently, we reported changes in peripheral blood T lymphocytic subsets during acute bluetongue infections in sheep and cattle. 4 Of particular interest were the shifts in the OvCD4 and OvCD8 T lymphocytic subsets, which occurred in the peripheral blood of sheep. These occurred at two time periods-approximately l week after infection, at the nadir of the characteristic transient leukopenia, and approximately 2 weeks after infection, early in the convalescent period, when BTV-specific cytotoxic lymphocytes were identified in the thoracic duct l y r n~h .~ Such changes may be a reflection of alterations in lymphoid traffic in sites of viral replication. The purpose of this investigation was to examine the changes in the dynamics of lymphoid populations in inflamed oral mucocutaneous tissue, at time points that corresponded to the shifts observed in the peripheral blood, subsequent to BTV infection in sheep.
Each of four BTV-seronegative yearling Columbia x Rambouillet sheep (Nos. 1 4 ) were inoculated with approximately 2 to 4 x 10s median chicken embryo intravascular lethal doses (CEIVLD,,) of BTV serotype-10 (BTV-10) inoculum.4 Equal amounts ofthe inoculum were injected subcutaneously in each ear and intradermally into bilaterally shaved areas of cervical skin. Two contact sheep (Nos. 5,6) each received an inoculum of an equal volume of uninfected, allogeneic, whole sheep blood. Rectal temperatures, complete blood counts, and occurrence of mouth lesions6 were recorded daily.
Two sheep were euthanatized at 7 (Nos. 1, 2) or 14 (Nos. 3, 4) days post-infection by intravenous barbiturate overdose, followed by exsanguination. Two contact sheep (Nos. 5, 6) were euthanatized similarly.
Approximately 1-cm thick pieces of labial skin, including the mucocutaneous junction, were collected immediately after death, placed in embedding medium (Tissue-Tek@ Miles Scientific, Naperville, IL) and frozen at -70 C and held at that temperature until stained, using an indirect immunoperoxidase technique' with the following monoclonal antibodies (MoAb) with respective specificities for ovine leukocytes (obtained from Dr. M. Brandon, Melbourne University, Melbourne, Australia): 41.19 and 28.1 (monomorphic determinants on ovine major histocompatibility complex [MHC] class I and I1 molecules, respectively; 25.91 (OvCD5); 44.38 (OvCD4); 38.65 (OvCD8); 19.19 (T19 on lymphocytes that express 76 T cell receptors); 20.96 (220 kDa antigen expressed mainly by B lymphocytes); and CC57 (antigen expressed by ruminant B lymphocytes, provided by Dr. C. J. Howard, Compton Laboratory, UK). For identification of BTV antigens, BTV-specific hyperimmune rabbit serum (provided by Dr. J. Mecham, United States Department of Agriculture/Agricultural Research Service) was used in an avidin-biotin-peroxidase complex technique according to the manufacturer's instructions (Vector Laboratories, Burlingame, CA). The total number of mononuclear cells in hematoxylin and eosin-stained sections and of cells stained by the respective monoclonal antibodies surrounding ten randomly selected capillaries in the superficial dermis from two different labial areas were enumerated using a grid in the ocular and the high dry (40 x ) objective.
Tissues were fixed in 2.5% glutaraldehyde in 0.1 M cacodylate buffer (pH 7.3) and processed for conventional electron microscopy according to the standard methods and ex-amined with a Philips 410 SL transmission electron microscope for the presence of viral particles. For cryo-immuno electron microscopy, tissues were processed and stained according to the methods of Sieburth et al.: using a polyclonal rabbit anti-BTV antibody and goat anti-rabbit antiserum conjugated to 5 nm colloidal gold.
Infection of sheep with the quantified inoculum of unmanipulated BTV-10 derived from culicoides/sheep passage resulted in a clinical syndrome that was characterized by the development of oral inflammation and pyrexia that peaked approximately 7 days after infection. There was correspondent peripheral leukopenia and viremia. Routine histologic examination of the inflamed labial and oral tissues collected 7 days after infection revealed a two-to threefold increase in the number of perivascular mononuclear cells in the dermis and lamina propria, when compared to similar sections of tissue from uninfected normal control animals. The penvascular infiltrations around capillaries under the cutaneous epithelium was more pronounced then that around the vessels below the contiguous oral mucosal epithelium. On day 14 after BTV inoculation, there was no appreciable difference in the number of perivascular mononuclear leukocytes in the dermis of the labial skin or the lamina propria of the adjacent oral mucosa, as compared to tissues from the normal control sheep (Nos. 5 , 6).
Reaction of frozen sections of labial skin from normal sheep (Nos. 5, 6) with MoAb 4 1.19 and 28.1 revealed intense staining of vascular endothelium and perivascular mononuclear leukocytes, indicating an apparently high level of expression of MHC class I and I1 antigens by these cells. Reaction of serial sections from case Nos. 5 and 6 with the MoAb 25.9 1, revealed that >90°/o of the perivascular mononuclear cells observed in hematoxylin and eosin-stained tissues were lymphocytes that expressed OvCD5. Only rarely did cells in the skin of these normal sheep stain with MoAb 20.96 or CC57. Taken together, these results indicate that virtually all OvCD5+ lymphocytes in this region of skin, from normal sheep, were lymphocytes of T cell lineage. Quantification of stained cells in serial sections, reacted with MoAb 44.38, 38.65, or 19.19, which recognize ovine Ov-CD4, OvCD8, and T19, respectively, indicated that there were approximately equal numbers of cells expressing these T cell subset-specific antigens in perivascular zones in the labial skin of clinically normal sheep. In the control sheep, there were approximately six positively stained cells perivascularly with each reagent, per high-powered field. The mean OvCD4/0vCD8 ratio in these areas were approximately equal (1.3).
Examination of labial skin biopsied 7 days after BTV infection revealed similar expression of class I and I1 MHC antigens by capillary endothelial cells and perivascular mononuclear leukocytes as found in normal skin (Fig. 1) ; furthermore, the increase in perivascular mononuclear leukocytes seen in hematoxylin and eosin-stained sections was the result of infiltration of lymphocytes that expressed OvCD5. As in normal skin, the paucity of dermal cells that reacted with MoAb 20.96 and CC57 indicated a virtual absence of B lymphocytes from this region of skin 7 days after infection with BTV. The increase in the numbers of both intralesional OvCD4+ and OvCD8+ T lymphocytes was approximately equal (mean 18 to 20 positive celldhigh-powered field), as reflected in the mean OvCDWOvCD8 ratio of 1.25. Subsequent to BTV infection, there was also an increase in the number (mean 13 to 14 positive cells/high-powered field) of perivascular T 19 + lymphocytes in the inflamed dermis as compared to normal skin (Fig. 2) .
Using polyclonal anti-BTV antibody in immunoperoxidase techniques, we were unable to convincingly demonstrate BTV antigens in light microscopic sections of labial skin biopsied 7 or 14 days after infection. Low numbers of viruslike particles were seen in endothelial cells in skin 7 days after infection in standard transmission electron micrographs. Cryo-immuno electron microscopy confirmed that these particles contained BTV antigens.
Previous studies using immunofluorescent microscopy have documented BTV infection of vascular endothelial cells in sheep.' The failure in this study to readily demonstrate BTV antigen with routine immunohistochemical techniques may be related to the low level of viral production by infected cells, due to the relatively low dose of BTV that was injected. Support for this hypothesis is also given by the fact that we failed to induce severe endothelial cytopathology, multisystemic ulcerative disease, and fatality with our BTV-I0 inoculum. Other researchers have used approximately lo3 more BTV to demonstrate viral antigen in tissue and to produce severe lesion^.^ Alternatively, we may have missed the peak of BTV production in endothelial cells at the 7 and 14 day time points selected for necropsy, which coincided with the nadir of leukopenia and with early convalescence.
Productive infection of endothelial cells is a feature of numerous viral infections and is associated with alterations in the cell surface phenotype of infected cells. Alterations include the expression of C3 and Fc receptors.' Several cytokines, which are secreted as a result of hostlvirus interaction, include interleukin-1, interleukin-2, tumor necrosis factor, and gamma interferon, these can induce the expression of activation and of "homing" molecules on endothelial cells.8 These phenotypic alterations are implicated in the initiation and maintenance ofthe vasocentric inflammation that often occurs subsequent to endothelial cell Whether or not similar changes occur following BTV infection of ovine endothelial cells is currently under investigation. Such alterations may be relevant to the pathogenesis of those BTV infections characterized by minimal detectable antigen expression in endothelial cells but which, at the same time, have a pronounced perivascular mononuclear inflammatory cell infiltration.
In addition to the expected expression of MHC class I antigens, we also detected apparently high levels of MHC class I1 antigen expression on endothelial cells and perivascular T lymphocytes in the oral skin of BTV-infected sheep (Nos. 1 4 ) and in the skin of clinically normal controls (Nos. 5, 6) . Expression of MHC class I1 antigens on endothelial cells and T lymphocytes, and IL-2 receptors on T lymphocytes, has been reported in normal human skin and is believed to be a measure of activation that results from the continuous processing of exogenous antigens by cells subjacent to epithelial bamers.2 Moreover, it is documented that viral infection per se and the action of lymphoid-derived cytokines can upregulate the expression of class I1 MHC I . I Fig. 1 . Cyrosection of labial skin; sheep. This section, collected 7 days after bluetongue virus-I0 infection and reacted with monoclonal antibody 28.1, reveals that endothelial cells and perivascular mononuclear leukocytes express major histocompatibility complex class I1 antigens. Indirect immunoperoxidase. In summary, our results indicate that the perivascular cellular infiltrates that occur in the oral skin ofclinically affected sheep with BTV infeciton are composed primarily of T lymphocytes that express OvCD5 and either OvCD4, OvCD8, or T19. These findings support the conclusion that foci of inflammation in the affected skin of BTV-infected sheep are sites of increased lymphoid traffic that possibly reflect the changes in the dynamics of lymphoid populations seen in the peripheral circulation; furthermore, the coexpression of BTV and MHC antigens by infected endothelial cells in sites of perivascular lymphoid migration suggests that the latter cells interact with T lymphocytes and serve as antigen presenting cells and/or targets of immune-mediated lysis.
